Materials and Methods

Chemicals
Niobium powder (325 Mesh, Aldrich), urea (99% Aldrich), methanol (99% Aldrich), ethanol (99% Aldrich), anhydrous InCl 3 (99% Alpha) were used as-received without purifications.
Synthesis of In 2 O 3-x (OH) y @Nb 2 O 5 heterostructures 2.1 Synthesis of Nb 2 O 5 nanorods
Synthesis of Nb 3 O 7 (OH) Nanorods (S1): Niobium powder (680 mg) was dissolved in a hydrochloric acid solution (9 mL HCl; 10 mL deionized water) in a pyrex beaker.
The aqueous solution was ultra-sonicated for 30 min and then stirred for 15 min. The solution was subsequently placed in a Teflon-lined stainless steel autoclave with 100 mL capacity. The hydrothermal reaction was performed at T = 200 °C for 24 h. After cooling to room temperature, the white product was collected through a centrifugation process and washed three times with deionized water to remove non-reacted residues.
Finally, the sample was dried in a vacuum oven at T = 70 °C for 12 h. Nb 2 O 5 nanorods were obtained by calcining of as-prepared Nb 3 O 7 (OH) Nanorods at 400 o C at air for 6 h.
Synthesis of In(OH) 3 @Nb 2 O 5
In a typical procedure, 0.2 g of as-prepared Nb 2 O 5 nanorods were dispersed in 25 mL of ethanol with sonicating for 1 h. Subsequently, a varying amount of urea dissolved in 10 mL H 2 O was added, the mixed solution was further sonicated for 30 minutes. Finally, a varying amount of anhydrous InCl 3 (the molar ratio of urea to InCl 3 is fixed as 2:1) dissolved in 15 mL ethanol was added dropwise to above mixture solution and then heated at 80 °C in an oil bath under magnetic stirring for 12h. Following cooling to room temperature, the red products were collected though centrifugation and washed with water to remove non-reacted residues. The In(OH) 3 @Nb 2 O 5 precursors were obtained and dried for 48 h at ambient temperature.
The added urea amounts for S1, S2 and S3 are 0.96 g, 2.88 g and 3.8 g, respectively.
Synthesis of In 2 O 3-x (OH) y @Nb 2 O 5 Heterostructures
The as-synthesized In(OH) 3 @Nb 2 O 5 precursors were placed into an oven and treated at 350 °C in air for 3h to obtain the corresponding In 2 O 3−x (OH) y @Nb 2 O 5 samples.
Methods
Characterization
Powder X-ray diffraction was performed on a Bruker D2-Phaser X-ray diffractometer, using Cu Kα radiation at 30 kV. Nitrogen adsorption isotherms were 
Gas-Phase Catalytic Measurements
Gas-phase CO 2 reductive testing samples were prepared by drop casting catalysts (~3 mg) from an aqueous dispersion onto binder free borosilicate glass microfiber filters having an area of ~1.2 cm 2 (Whatman, GF/F, 0.7 µm). Two tests were then performed on catalyst samples and the duration time of each testing was 4 h: (1) in the dark at room temperature (RT), (2) under irradiation from a 300 W Xe lamp at 25 kW m -2 . The gas-phase catalytic measurements were conducted in a custom-built 1.8 mL stainless steel batch reactor with a fused silica view port sealed with a Viton O-ring.
The reactor was evacuated using an Alcatel dry pump prior to being purged with H 2 (99.9995%) at a flow rate of 20 mL min -1 . After purging, the reactor was filled with H 2 and CO 2 gas at a 1:1 pressure ratio to a total pressure of 27 psi prior to being sealed. The pressure inside the reactor was monitored during the reaction using an Omega PX309 pressure transducer. Reactors were irradiated with a 300 W Xe lamp for a duration of 4 h for each testing. The spectral output from the 300 W Xe lamp was measured using a StellarNet Inc spectrophotometer and the power of the incident irradiation was measured using a Spectra-Physics Power meter (model 407A).
Pressure and temperature inside the reactor after 4 h testing stabilized at 29-30 psi and 60°C, respectively. This is consistent assuming a closed system with no significant change of the number of moles due to the reaction and validity of the ideal gas law.
Note that the temperature of the catalyst is well above the gas temperature due to the photothermal effect. The sample temperature depends on the incident radiation, the design of the test cell, the operating conditions and the characteristics of the material.
The sample temperature has been investigated by Raman spectroscopy for other catalyst samples prior to this work, but not measured here. Yet due to the unchanged conditions a large deviation among the temperatures of the different samples discussed here is considered unlikely. Product gases were analyzed with a flame ionization detector (FID) installed in a SRI-8610 gas chromatograph (GC) with a 6'Haysep D column. The CO formation rate shown in Fig. 3 was obtained from the measured CO content in the gas after 4 h testing by dividing with the time and the catalyst mass. Note that the so defined CO formation rate is a time-averaged value.
According to kinetics and thermodynamics the CO formation rate declines with increasing conversion until it reaches zero when approaching the equilibrium. This means that the comparison of the time-averaged CO rate generally underestimates the true activity differences between the samples. The size of this effect increases with conversion. It will be particularly large if the system approaches equilibrium during testing. The experimental conversions obtained with samples S1 to S4 were much higher than calculated from the equilibrium of the reverse water gas shift reaction at the measured gas phase temperature. For example, S3 reached 3.7 % conversion, which can only be explained by a catalyst temperature of 155 °C or beyond or by an effect of the incident photons on the reaction equilibrium. Isotope tracing experiments were performed using 13 CO 2 (99.9 at%; Sigma Aldrich). The reactor was evacuated prior to being injected with 13 CO 2 followed by H 2 . Isotopically labeled product gases were measured using an Agilent 7890A gas chromatographic mass spectrometer (GC-MS) with a 60 m GS-Carbonplot column fed to the mass spectrometer.
Electronic structure calculations
Calculations on the crystal structures were carried out under periodic boundary conditions, using the projector-augmented wave (PAW) (S4), pseudopotential approach in the VASP (S5) code. The structures were initially relaxed using the PBEsol (S5) functional, with a cut-off energy of 500 eV and k-point mesh sampling density with a target length cut-off of 25 Å, as prescribed by Moreno and Soler (S6) .
To obtain a quantitative electronic structure the resultant systems were then treated using the HSE06 (S7) functional, mixing 25% of screened exact exchange. Band alignment was performed by creating 2D slabs of each material and calculating the vacuum potential. The highest occupied and lowest unoccupied eigenvalues from bulk calculations were then placed relative to the vacuum potential, using the MacroDensity code (S8). samples are denoted as S1'-S3', labeled with gradually increasing In(OH) 3 contents. It can be seen clearly that there is no PXRD peaks shifts of In(OH) 3 from S1' to S4' samples. S10 . Mass spectroscopy of S3 sample generated 13 CO from 13 CO 2 . The 28 AMU mass fragment peak at approximately 1.32 min corresponds to N 2 and the 29 AMU mass fragment peak at approximately 1.35 min corresponds to 13 CO. The fact that there is no peak near 1.35 min retention time for the 28 AMU curve shows that there is no 12 CO in the products generated from sources of adventitious 12 C. 
